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FIG. 1. (A) Presence (solid branches) and absence (open branches) of L-gulonolactone oxidase in bird lineages.
Stippling labels branches for which there is more than one equally parsimonious character evolution reconstruction. The algorithm used to trace GLO's evolution in birds assumes that characters are unordered (i.e. a change from presence to absence of GLO and vice versa are counted as one step) and is based on Fitch (1971) as modified by Maddison and Maddison (1992) . For consistency with Chaudhuri and Chatterjee (1969), I retained the name Sturnopastor in the phylogeny. The current nomenclature for this genus is Sturnus (Sibley and Monroe 1990). Note that the ancestral condition for passerines is uncertain and that the reconstruction suggests at least one loss and two reacquisitions of GLO in passerines. Panel (B) assumes that the absence of GLO is ancestral in passerines, whereas (C) assumes that the presence of GLO is ancestral.
(Pollock and Mullin 1987).
Because GLO is present in all nonpasserine birds examined, but is absent in several passerines, an early analysis suggested that GLO was lost during a single phylogenetic event in "the most highly evolved" passerines (Chaudhuri and Chatterjee 1969). Here, I present a phylogenetic reanalysis of Chaudhuri and Chatterjee's (1969) hypothesis. This reassessment suggests two conclusions: (1) GLO has been repeatedly lost and regained in passerine birds; and (2) with the available data, its presence in passerines cannot be predicted from either phylogenetic affiliations or diet. Because the presence or absence of GLO appears to be conserved within avian genera, ! used genera rather than species in the analysis. The scanty data available do not allow one to identify whether the presence of GLO is ancestral or derived in passerines, and hence whether the presence of GLO in the Passeroidea represents a gain or a loss (Fig. 1A) .
At a minimum, GLO seems to have reappeared within passerines in two independent lineages (Corvoidea and Sylvioidea, sensu Sibley and Ahlquist 1990) and has been secondarily lost in one (Muscicapoidea, Fig. 1A ). If one assumes that the absence of GLO is ancestral in passerines, then parsimony tracing suggests that GLO expression has been reacquired four times and lost once (Fig. lB) . In contrast, if the presence of GLO expression is assumed to be ancestral in passerines, then the analysis suggest two independent reacquisitions and two losses (Fig. 1C) . Because the data on GLO expression in birds are limited, the inferences of this analysis should be considered tentative. They allow two conclusions, however: (1) the notion that a single evolutionary event led to the loss of GLO in "most highly evolved" passerines is untenable (Chaudhuri and Chatterjee 1969: figure 1); and (2) there appears to be considerable evolutionarily lability in the expression of GLO in passerines. The pattern of occurrence of GLO expression in passerines is different than the one exhibited by mammals in that the trait does not seem to be phylogenetically conservative.
Is the expression of GLO correlated with diet?--Diamond (1986) proposed two complementary answers to the question of why enzymes become genetically lost or repressed: (1) if a character becomes selectively neutral through disuse, then mutations will gradually remove the character even in the absence of positive selection to eliminate it; and (2) in addition, building and maintaining a character may impose biosynthetic and energetic costs. Disused characters may not be neutral, they may be selectively disadvantageous. These hypotheses predict that enzyme losses will be found in lineages where the metabolic pathways in which the enzymes participate are not used. Because GLO deficiency has been shown to account for scurvy in animals fed diets free of ascorbic acid ( Because knowledge on presence of GLO in birds is based on a small and phylogenetically biased sample of passerines, it appears risky to attempt predicting GLO expression, and thus reliance on dietary intake of vitamin C, from either dietary habits or phylogenetic affiliations. Thus, the assertion made by Robbins (1993) that "approximately one-half of the Passeriformes are unable to synthesize vitamin C" seems premature. At this point, the occurrence of the ability to synthesize the vitamin in passerines appears to be unpredictable. The applied consequence of this uncertainty is that the levels of dietary vitamin C required for normal growth and adequate health and reproduction in captive passerine birds must be determined on a species-by-species basis.
